In nest-bound avian offspring food shortages typically trigger a release of the stress 24 hormone corticosterone (CORT). Recent studies indicate that CORT is passively deposited in the 25 tissue of growing feathers and thus may provide an integrated measure of stress incurred during 26 development in the nest. The current hypothesis predicts that, assuming a constant rate of feather 27 growth, elevated CORT circulating in the blood corresponds to higher levels of CORT in feather 28 tissue, but experimental evidence for nutritionally stressed chicks is lacking. Here we examine 29 how food limitation affects feather CORT content in the rhinoceros auklet (Cerorhinca 30 moncerata). We i) used captive chicks reared on control vs. restricted diets, and ii) applied this 31 technique to free-living chicks with unknown nutritional histories that fledged at three separate 32 colonies. We found that i) feather growth was not affected by experimentally-induced nutritional 33 stress; ii) captive chicks raised on a restricted diet had higher levels of CORT in their primary 34 feathers; iii) feather CORT deposition is a sensitive method of detecting nutritional stress; and 35 iv) free-living fledglings from the colony with poor reproductive performance had higher CORT 36 in their primary feathers. We conclude that feather CORT is a sensitive integrated measure 37 revealing the temporal dynamics of food limitations experienced by rhinoceros auklet nestlings.
INTRODUCTION 46
The environmental stressors animals experience during development have fitness consequences. A disruption in homeostasis in birds triggers a release of the stress hormone 48 corticosterone (CORT) which enables an individual to cope with changes in its environment
We then applied this technique to feathers collected in 2012 from fledglings on three 138 geographically distinct colonies that differed in diet composition, oceanographic conditions, and 139 reproductive performance: Teuri Island in Japan, and St. Lazaria Island and Middleton Island in 140 Alaska. Measures of reproductive success were collected on each island as part of ongoing 141 monitoring studies. Fledging success in 2012, determined as the number of chicks 142 fledged/number chicks hatched, was low on Teuri Is.: 31% (number of monitored nests (n) = 41).
143
Both St. Lazaria and Middleton Is. had reproductive success comparable to the long-term 144 average recorded for both colonies (St. Lazaria: 67%, n = 148, Middleton: 67.3%, n = 52). 145 We found that free-living chicks from different colonies had similar feather mass (fixed 146 effect ANOVA; colony effect: F 2,32 = 1.895, p = 0.167). Feather length, measured after removed 147 from fledglings, was not significantly different across colonies (colony effect: F 2,32 = 3.066, p = 148 0.061). We found that feather CORT concentrations (pg mm -1 ) were affected by colony (mixed 149 model; colony effect: F 2,32 = 5.94, p = 0.006, Fig. 4 ) and that there were temporal differences in 150 CORT concentration (mixed model; feather segment effect: F 2,65 = 16.97, p < 0.0001). None of 151 the interaction terms were significant (all p > 0.07).
152

DISCUSSION
153
We used captive seabird chicks to test whether nutritional stress is reflected in an 154 increased deposition of CORT in feather tissues. We then applied this technique to free-living 155 chicks with unknown nutritional histories to determine if and when individuals experienced 156 environmental stress during their development. Feather growth did not differ significantly individuals per control and restricted diet treatments respectively) chicks that were euthanized at 167 the conclusion of their study (other individuals were donated to a zoo for permanent housing and 168 breeding programs). In this subset, using data previously reported by Sears and Hatch (2008) CORT to be a non-significant correlate with feather CORT, which was instead significantly 183 positively correlated with stress-induced CORT (Bortolotti et al., 2008; Patterson et al., in press ).
184
Feather CORT may, therefore, be a more robust method of detecting exposure to environmental 185 stressors that vary in duration and intensity (see also Fairhurst et al., 2013) . Like measuring the ( ), n = 6, and restricted ( ), n = 6, rhinoceros auklet chicks were not significantly different 515 (mixed model; effect of treatment: F 1,10 = 2.17, p = 0.17, effect of age: F 1,46 = 0.009, p = 0.92, 516 interaction between treatment and age: F 1,46 = 2.04, p = 0.16). Plasma CORT values are for 12 of 517 the 26 chicks included in the results reported previously by Sears and Hatch (2008) . 
